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INTRODUCTION
.t the reuuest of the army Alr drees, o flight investl-

catlon ol the flving gqualities and stellin, characteristlics

o a orth American XP-51 alrnlane was conuucted by the Hala

at Langley Jleld, va, The results o1 these tents arc pre-
aented in the fnllowing report This 1s the [firct alrplane

to he tested ut the Laloratory Pitted withi a4 wing having &
v _— L

low-dras airfnil sectinn.

. 1

Tre I[lving-qualities teosts, wrich were rade subsequent

.
'

to a fli-rt investigation ~f the win

3

dragz, were hezun about

o
e

varch 1, 1702 and were completed about Nav 19, 13L2; a total

of 22 flichts were nade requiring anproxinately 2l hoars of

In 2ddition to this repcrt, & report has been writhen
covering the results of tests of & set of modifted allerons
(reference 1).

SCRIPTION OF THE XP~51 AIRPLANK
Te North American XP=51 air p’awa is a single-engline,

,oend ).

<

W

low-wing, pursult-type monoplene (figs. 1, 2,

Descriptive data &and dimensicns are listed as follows:
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Stemderd TACA racordins Inatrunents aere us~ad In the

Do i PN 4
Live ri. The instewnwents used cod the roen Lo
; T Al e FaRn e
ihate ~1lloving taeble
Itom MACH dnotionont

Arraneerd
control-sarlece pocition

Ty S
Controyr i'orees
. - N 2] 2 407 1.
Angular velncities about

threce girnicne ured
\ e TP 1. a . -
Acveeleration alnony alrnizane

aves
Ancle of elideslip

Y- -~ 1. M
Angle of b h
Mirie
veeevds were sviachiroailsed Wvorieans of .

u

vina wes sounted on oa boon

ohend of tre r.ooht wing

' v

Ption recorder woas usocd oroof

A oo iloron conbr

P a3 e ey e el Y SN o :
Lilaron ol wns connceted to the control cublees i the un

The #ipanced recordor wval ooncected to o oL

total hend and a free-sviveling stotic ueod vountedt onon

boom extending a chord
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The rlishit condltions in whicn tests wors naes ale

teltile:
e e e+ e e e i i
R
Aodlator scoop s lreldingine
. » :\’0’1 \f‘\?"'\ ¥ oo | I)\r“i
nosition DYoot 1
‘ in. B

R I IYe,

AR A

Climbirg ! up --do.--lldoutra g 3 »
[e3al3F! :/.E, SN
Teve-ntif up dovm (Heutral (pertlally o .
¥y
3 oren 10 e O oo
el s A .
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| onen R QL7
j +

deutra

oren

cdl ----

VoA .r o ’ T

Tana i ’J l?&r?i“\t]"’l_l. { E‘F).I'tl, qLLly )

arnronch onen) Y20 ead
) [ ——— — e e e e

The vorious configurations of the radlator zcnhop vead

. - » R e} - R - 1. .
in the terste are chown In Ligure O, Tiie collectnr, shown

o .

. 1, - S 3 O ., N vy allwr Ae ~ete
‘n the dellected position in Tigure O, was sctually deflected

only in the =liding condibtion or I'lirit. T cocim .t
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The results of these tests, whicli are prazsented in

Ed

fisvres 10 through 1% (sce prececins table), indlicate tie

[ lowing: conclusionsz:

1. Tn #ll conditions o Jlight and at eacl, ceater-

of-pgravity wosition tested, stick-Tired statlic stauililty

",

-

ve 3lopes of tihe curves o0;

elevetor angle auruinst uirspeed, Lowever, In the hower-
on conditions, trim at low speeds was acceowpanlied Dy

rore sideslip than at higsh cueeds whnlel, as can he seen
& s

[

by reference to the sidesliy results in figures 21
: ! & :

e}

throush 20, made it necessery to use more up-elevator

3

deflection at low sneeds, The megrnltucde ol the e¢[lect

w&as comparable with that »f gnae other »ursnit-

b
~rlanes, Wor oall fiight conditlons, therefore, the re-
quirements .of relerence ¢ were met althihugh the stich
moverent In some condltiong wag verr gormall, In the
crulsing and climbing conditisng, for tle rearward
center-of-sravity »nosttions, for examrle, the ton of
the stic:c was regvired tH move leos thwan 1 ineh if'roas
200 miles per bour fto the stall to nmaintalin tria,

2. In 211 conditlons of Dilght tested, tie var a-
tion of stick Torce with zirgheed was snaull) but stuble

t

throughout the respectlve specd ranges, Despite th

(&)

small magnitude of the force sradients, the [orce charsc-

e lots.

teristicos weroe consid

M
(T
.
S
o
o
D
‘C‘J
=
o
c
[}
s
‘-J-



- 11 -

The center-ol-gravitr »ositlions at which neutral
lonzitudinal stubility would occur for stick-Iined sand
atick-freec condlitions arc listed in table IT. Tieso
reutrsl stabillty noints were determined Ly plotting
dﬁc/dCL and dCh/dCL as a function ol certer-oi-
Fravity nosition,
vhere
De elevator deflection
Cy elevultor hinge moment
Cy, cirnisne 1irt coefilclent

Tt will be noted that freaing the contrels haed bhut
little eflect on tho longitudinal stanility,
he

% A5 measured on the ground, the friction in b

S

] :
elevator control svstew was about 1% nounds. (iee

Ca
teble I.) This fricticn was suificlent to prevent the

control from returning immediately to its trim nosition
following an abrupt dellection (fig. ). Ihue fto vibro-

tion ol the airnlune, the stick would creen toward 1ibs

]

trim poecition as I1llustrated in thie time nlstory showi
in figure )3 the «ffect o frictlon, therelore, ald not
influence the data in the Porce crrwves L0 D ouren 1o

through 17, since suflfclent tlue was «llowed [nr tle

contral to reach its steady pesition In each case.



]
.

e}
@
3
D
b
ct
PR

v Tre elaevator requlirs

—
C

I-C. Chrracterictics of the elirvetor conbtrol n o=

- BV 1- ~ tal 1 . c
8 niey ue as I'ollovs:
AT Y e .1 - R Y = <
1. Althowh the Low.d L o LEveY
T oxr - P —~ E 3 . - . ¥ N - 3- 4 . a .
Lo oatitalned ia ons Uothe testz, 1t wie deteriia:ed

conerol was sardiciaontly poweras to

[
.
o
~
{
@
o
@
e
v
@
t

. + . . - e z - - - - P
peaitions Logtod, 29505 ravarc t o Lo mean oo L
" 40 R R o - - -
CrnOoYG, ToU o nevimum LiLt ocowtiiooomb o wes ootained v oo
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Lift coefficient was J.i
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1
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D In ficure 21(b) the variction of s

with acceleration is slown to bhe G5 pernds

he forvard center-ol-y rusiiy povdition (29,

the mean aerodynamic chord) I'or both CrULsing o

conaltlions. This values ls pLY oenusl to

rnended upper limit of iorce ra

et

(Cn the bhosis o tosta made zubooquent to 4

reference 2, the value nf & Tounen e g
a5 an upper 1imlt for gatis/acotr sticl-fo

oy + 543 - T A o
ciinrd, the stick-Torce variation olth norms
wes about ) mounds cer T,

It abrcears froa extracolatiog

that 1 Weobile cradlent ot gt i~
tnAa no iorce Sradient at o oan o won L

in fturns Indicuting the

th ansle of attack -~ b-
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The above resvlts correaspond te an gltitude of
about 7000 feet, At hinver alt tudeu, lover Uorces
will be experienced for a glven acceleration cus to tne
decreuse in required elevator deilechtion resultling [rom

o

the incressed ralius »7 turn,

At & center-of-gravity peosition of 23.9 percent of
the mean aerodvnamic choard, the data of fizmre 21(b)
indicate a4 Torce of 30 pounds will be necescary Lo
obrtain the allowable load factor of Jd¢ in the crulsing
concition, At center-ol-gravity poslitions Ilerther a’t,
velues lower than 20 pounds, the ninlman value zvecilled
in reference 2, will be requirecd. These regulics wrmear
bt establish 23.9 percent o the mean acrodynamlc crnrd
as tlie rearmost position and 29.5H percent of tie mean
aerndrmamic crnnrd as the most forwerd pesitlion at wiiich

. .
oY R
LOrCcos ded e

-y

the requirements of relerenice 2 Ifor stich
turns will he satisiied,
Values ior the combat condition wre comnarable with

thnse for the crulsing

2

condition.

I-D. Characteristics oI the elevator control .. Mo ing

FJ

3 s T 3 .
Thc lfetermine tlhe ~levator

¢ results of tests to

Ie

l .
deflection required ror landing are slown in [inre 22,
where the elevator deflectinn au the time ol contact Is

T position for a4 froun

of three-noint londinss. It i3 secn that the elevatoeor
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. bl

power 1s sufificient to execute three-point landings with

-

the center of gruvity ag rar feorwerd as 21.5 nercent ol

v,

W opercout freronce

(a4

ole d

[N

the mean aerodvuamic chord,
In elevator requirements 1s evident buetween lan dellec-

tions of 502 and 35°,

The elevator deflections noted are abouvt O° greatcer
than those required to stall st altitude 1in the sawre
condition,

2., The stick forces regvired to make three-point
landings were well below the upper limit of 75 »ounds
recomended in rcference 2. A typical landing nistory

+
<4

g, 2%) shows a maximum stick force Lefore contact of

e

20 pounds, This value, which cofresponds to & trim-

tab setting of 10° tall henvy, could be reduced sonewhat

by further trim-tab dellectlion.

I-%. Characteristics of the c¢levator control In tulre-olf
The elevators were sdequabe to raise the tall or ©o

e

o)
oy
[

',...J

adjuet the attitude ang desired durlngs tale-o00 aflter

aprrceximately one-half take-oi'l sneed was reeched, Thiis
conclusion is based on pllot's ounervations, Alavre 2, a

S A)

tirme history of a tynical talke-ofl "n which tLs tull wog
ralsed quiclkly, is presented ns o aatter of Interccot to

indicate the control movements reguired during the talte-of 7
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I-7. Trim chanzes due to power anc flars

1. Trirn changes due tn changes in flight condition
or airnlane configuration are shown Iin table 7'T. These
changes 1in elevaﬁar anple and forces ure glven Tor 120
miles per hour only. A1l values in tableff?ai% ror
anproxinately the same center-of-gravity nosition. It
mey be geen from the static stability curves (fizs. 10
through 1%) that these changes will differ ror other
apeeds. Tn most caseg, however, the changec due to

-

ance n £lizght condlitinn are smell, coning well withi

o el

@]
Pt
AR}

-
[

the upper limits recommended in reference

A

cudinea

}_J

A chanse in longt trin, amounting to 0.0°
o up-clevator deflectilon, resulted Ifrom opening the
side windows of tlhie cockpit enclosure,

The effect nf wvaryings the radictor scoop positlion
was alsn investigated; as snown 1 table III, the
resulting trim changes were snall,

cs of longitudinal trimming cevlice

e

I-3. Charachterist

~

over of tie elevatsr trim

e

1. To decternine %

~

tahs, measurements were made o0 toe elevator {orces

N

raquirea ©or trim with several 4

L. Ye

ifferent trim-tab
settings and &t several snpeeds, zlc.rexults are shown
in risure 25 wrere the change in sticl force per depgree
trim-tab deflection is mlotted against sirspeed for four

flight conditlions. Combining trese data witis tne
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-statlic stabllity data of [figures 10 through 13, it is
evident thiot the power of the trim tabs 1is ample to
satisiyyr the requirements of reference z with tlie center
of gravity as Dar forward as 20..5 nercent of the mean
aera>dynamic chord, the most forward position at which
tests were nude, Mor exariple, in the landing conditlion
it is nossihle to trim the alrplane between 120 percent
and 11:0 percent of the minimum speed and in the crulsing
condltion the alirplane could be trlimmed at &ll speeds
above 12C nercent of the nianimum sneed.

2. Unless chansed manually, the trimming device
would retain a given setting indeiinitely.

Lateral 3tability and Control

o
I
]
—
i
-
[
[N
3
T
(@]
t

IT-4, Charachterigtics »f uneontrolled laberal &

1. The characteristics of control-iree lateral

oscillaticns were determined by trimming the alrplane
for straight laterslly level lioht at each speed and

flight condition and then quickly deflecting the rudder

2

and releasing all controls, records were talien of the
variation of rolling, rvawing, and pltcehing veloclities,
sideslip angle, control forces, «nd control oogsitilons in
thie resulting oscillations. These measurements were

taken at several airsneeds between 51 and 2L% miles ver

hour.



The variation of tre period of the lateral oscilla-
tion and of the immber of crcles te damnp to cne-hall

umnl tinde for the cralasing, cliding, «nd landingz

Llons wre shown in fioure 26, wigure 26 shows tlat
tie laterul nscillation is dunped to one-nalf amplitude

‘n Jess thun one cvele fer 2]l conditlons tested, meeting
broa ennsiderable marsin the requirements o7 reference 2

tlat thie o

i)

clllatlion damp Co one-Lall amplitude In less
than two cycles.
2. o records were obtsined o0 the ozcillutions of

tie allerons following an abrunt deflection and release

8

o' the contrael, but »nilot's observatinans indlcate that
tlie "wtions are satislactorily damped.

Z. Due to frictisn in the rudder-control systen,
the rudder rfalled to meet tie requirement that 1t return
to the trim nesition rHlloving an occillation of the
control induced br abrunt dellectlon. This character-
istlc is illustrated br firure 27 showirg twnical time
nlstories »f the motions lollowing abrupt rudder lilcks,
Yhien the radder wasz released I'nllowing the itick Lt canme
to rest, under the Influence of sideslip, at a different
nogition than trim and was held there by friction, This
ef’fect was more »ronounce:id at low gspeeds where tlie sero-

dymamic forces tendin, to return the rudder to its

trin ncsitlon were less than at hiish speeds, and as 4
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resul.t the airplane falied to return to straight flight
following the ouscillation.
ITI--B, Aileron-control characteristics

The aileron~-corntrol characteristics were obtained
by recording the alrspeed, rolling veloclity, alleron deflec-
tion, and stick forces as the aillerons were deflected abruptly
And held, with trhe rudder held fixed. The results for the
crulsing conditlicen are included with the results for the
landing and combat ccnditions in figures 28 through %0 aznd
in table IV,

Figures 28 and 29 show the variation of alleron
eflectlveness as defined by the parameter pb/?V, and of
aileron stick force with control deflection at various air-
speeds. Ilgure 30 is a summary curve showing the maximum
vaiues of pb/2V obtainable at each speed and the corresponuing
stlck forces. Vhere the stick forces exceed 50 pounds, the
méximum value recommended in reference 2, the values of
nb/2V  for a 50~pound stick force are also shown. The
relative effectiveness of the alleron controls in each
Tlight ceondition is compared irn table IV.

The results of theses “ests may be summarized as
follows:

1. Throughout the speed range, the meximum rclling

velocity obtalned by abruptly deflecting the ailerons

varied smocthly with the ailercn deflection and w~as
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aprroximately proportional to the alleron deflection. .
This ls shown by the linear variation of aileron
effectiveness on ligures 28 and 29,

2. The rolling acceleration following an abrunt
aileron deflectinon was glwayvs in the corract direction
and no lag ‘n the development of thie rolli monment was
evident,

7, Yor evaluating the ailleron eflecctiveness the

J-de

62}

helix angle bb/EV, in whicih p rolling veloci v in
radlans per secoﬁd, b is the span in Jeet, and V 1is
the truc airsveed in Teet rer second, has heen used a3
the criterisn (reference 2).

Exrept in low-speed rolls to the left in the combat
condition, the éilerons falled to meet the reyulirenent
that ,nb/ZV of 0.0? be obtainatle. Tn this one
excenptinn the value of 0,07 was obtained onlv Lecause
nf tre »ff-center trim poglition »i the HLLCPOHS, aacl for

the same reason they were corvespondinsly delilclent in

of the ailerons anvroached the neuvtral »noslition, the
maxinum values of pb/2V  in right and left rolls
cunroached each other at valuec less thun 0.07.
In the cruising condition, an average value of
po/2V of 0.055 was the maximum achileved; at high spceds,

due to stretch in the control system, the avallulle
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aillero:. deflection and, accordiapgly, the maximum pb/2V
dbtainable wore considerably reduced,

Taroall ennditions tested, the variation of pbh/2V
with cortrol deflection remalined essentially constant
cxecent gt the lowest alrsneeds; there, a marked reduction

ed,

ct

in eflfectiveness per unit control deflection was no

Tiis reductlion apneared due larcely to the comparatively

large veluecs of sideslip angle toat occurred abt the time
that maximm rolling veloclty was reached, The effect

Aiminiagred rapidly with ‘nereuacing airsneed.

Tn table IV the relative effectlveness of the allerons
for the crulsing, combat, and landing condlitions are com-
nared at two alrspeeds.

The cdeficient power of the allerons was due mainly
to the limited delflectinn range of the surfaces. The
results of tests of beveled trailing-edge ailerons wlith
increascd defllection range are ;lven Iin reference 1 and
show a definite ilnmnrovement in s&ileron characteristics.

B .

i, As shown In figures 27 and 22, the variation of
sileron-control force witl aileron deflection Ior each
condition tested was & smooty curve.,

At low speeds and smeil dellectlons, particulurly

}.,« .
p.

in the landi

O

ni: condition, the sticl forces were ol small
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magnitude (in some case

wwagured on the ground), and the ability of the contrel
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to cenbter itself appears f{rom the data to be doubtful.
iInwever, since the pilcts reported the controls to be
satisrectory in this respsct, 1t is likely that values
of friction measured on thé ground were not reslized In
Slight andé the control wes actually self—centering.

The effects of flexibility in the aileron-control
syatem are incdicated by the progressive reduction in

delflection of the control surfaces for a given stick

deflection with increasing stick forces. This is best

0]

shown by the variation in deflection of the end voints
of tre curves of figures 23 and 29, all of which corre-

gvond to full stick dellection; departures from the

b

trend are due to changes in the trim positions of the
allcrons.
5. Ailleron stick forces were excessive for large

v

deflections in higlhi-speed flight. In figure 30 it may

be seen that full control deflection could be obtained
with the recormended stick force of 20 poundé only
below approximately 220 mlles per hour in the corbat
condition, and below 2L0 niles rer hour in the cruising
condition. Por higrer shceds, a BO-pbund stick-force
1imitation results in & decreuse in the values of pb/2V

obtainable as shown In figure 70,
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. II-C. VYaw due to allerons
The maximum angles of sideslip developed as a result
of full aillerson dellection in the critical low-spesd condition
s o 1 ~wre R A B e }Hﬁ vy Fax o P N S
were as follows: crulsing, 16.L 3 combat, 177: and landing,

~ e Na! . o i - '
power o705, 1,07, “he requirerent »f reference &, which states

that less than 207 should be develnye
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udder fixed, was tlercfore met In tlese conditicas.

It is of interest to no%e that, i the aileron elfec-
tiveness were increased to values that are consldered desirable
the sideslip develnped in ailercn rolls would wirroach the
specified limit of 20°.

TI-D. Limits of rollinz monent due o sideslin (dihedral
effect).

1. 7The rolling moment due to sicdeslip was ncasurad
by recording the alleron enrles requlired in steudy side-
slirs. The results are nrescented in Pigures 71 throush
Z3, inclﬁsive. The rudder, celevator, and ri-n" glleron
pesition, ancle of bank, ani alloron ans v 17» P oro g oare

plotted as functlions of the anvle o sidesli;,

Gihsdral eflect was poslitive In rost of the cnnlitions,
Nematlve dibedral eflect wig, Lowvever, encountered in
power-on sideslips to the I«0L at low specds (Figs, 21,

22, and 37). Thig Instubillitr s nrobably due in nart

o of the propeliler

e

to an unsymmetricul distributb

slipstream over the wing Witk vower on at low gspoeds,



the slipstreanm over the right wing may Le considerably
nigker than tlat over the lefl't. Ag the angle H»T sldae-
in increases tn the left, the slipstream moves larther

1

out on the right wing

s, thereby increasing the left
rolling noment.

In the cruising condition, there was little varia-
tlon of dinedral effect with airsneel al small angles
of sldeslin as shiown by the deta in Tigure 79.

3
'

2, The variation of wuileron sticit force with angle

of sideslip as debermined in steacdy sideslin was, In all
- . | 1

cases, ocmall, the forces rarely exceeding 4 pouncs,

-
1

iont conditions where the alleron deflectlions

indlicated nezative dlhedral effect, the stick lorces
also indicat«d nepative dihedral. Zeceuse NI the small
macnitudes of the stick forces associated with nepative
ic was mnot 'eonsidered

dihedral effect, this characterist

sbiectionable by tihe pnilots.
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solater wias indi-
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noints, where negat
cated bv the stick force but not by thie alleron deflec-
tion, may be noted; but again the actnal .wpnitudes oF
the [orces were very small {(less than the value of
Sriction as measired on the groundj.

3. The rolling monment due to sideslip was never
rreat ensuch to causz s reversal of rolling velocity acs

a result o vaw due to uailerons, although at low speoeds
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(us noted In paragraph TI-B-%) it resulted in perceptible
reductions In the aileron c¢i'fectiveress.
TI-Y. hudder-ccntrol charaschteristics

1. 7%he rudder control was snwificlently powerful

to cvercome the adverse ailerorn yuwing moment. inoall

conditions tested, larger z::les o sideslip were obtained
with the rudder (Iigs. 21 througlh 38) than would be

necessary to counteract the marxime yaw due Lo allerons
develoved in Full-deflection silernon rolls. Possivle
srcevitions are Iadicated by tite rosvlts of o serles of
rolls made to the left at HU miles per hour in the landing
condltlon with partial nower wlere the recoids were

stopped betfare the airplane attalned itg maximue angle

sideslip or maximum rat

P~

ol no corn:cluslion

c+
@
—
>
O
-

rejerding toe vower of the rudder Lo comubat adverze

foin

L0,

1-te

alleron yvaw can thercfore Lo drawn for thils cond
2. As is indicated In tre tlme hintories of u

14

tyrnical landing and talze-of |

-
|
[

irs. 2% and 2lb), the radder
was sulflclently powerful to maintuin directicngl control
[$a}) ’e 3

for those mancuvers. Jhe oldter eff'ectiveness was 2180

considered acdequate for satisfactory ground-hendling.

ﬂ

s
v

e

£

D

ste were nol nude, but during the stall
cests the alrplane several t©imes rolled off into ar
ineipient soin; In every case the rudder, in conjunc-
tion with the other control:, easilvy nroviled the forces

necessary Ior recovery.



lL,  The slopes of the rudder pos sition and force
curves, shown in figares 31 through 37, indlcate thet
thwe airvlane meets the regulrement of reference 2 that
right and lert rudder fnrces ahould alwavs Lo regquired
to holid corresronding deflectlons from trim.

5. In none of the conditions discussed in the

Fal

apeceding, four paragranhs dld the regquired rudder Iorces

N . -
exceel 100 unds, thereby meeting the requirements of
re:'crence 7. Pigure 39 shows the veariation of rudder

9

yer deasree sitdesllip with airsneed.

=5

arce
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7. Yawing moment due to sideslinp (Gircctional
stabllity)

1. as is stated under carearaph
anzles o0 sideslin developed in allercon rolls with
rudler fixed in the critical low-gneed condliltlons were
less than 20° and hence sttislied the reguirement of
relerence 2,

2. e wawing roment duc to sidesliny was sucn that
the rudder always moved in the correct dilrccetion, tihat
1s, to the right in left sideslins, and vice versa,
mrom figure 39, showing surmarized rcsuvltas for the
stdealing in the erulsing condition, 1t rwy be seen that
the Adirectional stubilitr is “reazonahle masnltwle,

nearly 19 of rudder delflectlon velng required ner degree

sideslip throughout the speed range.



. It may He gseen in thie siceslin chiaracteristic

M

curves (fizs. %1 tlirouch 3) that the rudder force
inereanes In the correct direction with slidesliy wnde
Tor all conditinas, This arsures that the alrnlane
will tend to return to its Ltrici nosition 17 the rudder

friction In the rudier-

}_.:
O

is releused: the effects

control svstern would »revent an immediate return Lo

eversal of the rudder forcos was ot encounterad

in arny of thwe sideclip tents,
Yoo Although no regurireitent has been canablliaslied in

reference 2 regarding perrisalhle rudder-force varictions
witl alrspeed, several cuses have recentlv been encountered

peen ob jectionably hiigh,

wlhiere this Torce wvariatl

Tasts of the P-51 indicate LU to be lalrly satlslactory
In this ressect; thie wmeasuvrod velues of rudder force being

as followge
a, With the ruccer force tri:mmed o zero ot
an Indicated awlirspoe” »7 220 nmiles ner bour w' ik

- = N 2 - s g 2 - AV
rated vpower, the air: ian:e can be dived to 0T miles

per hour with a rudder (orce of approviwwtely HU
| R .
rounds, Cubtting tie tihle at 00 wlles ner

hour requires a rudder force of anout 100 pounds.

an indlcuted alrspeed of 160 niiles wer hour with



rated power, ¢ force >F 100 nonndn is required atb

LDO wiles ner rour. Cuttin, the throttle irom

thils condition reires ¢ Torce Hr atonh 175 poanls,
TT-f. Cross-wlind Sorce claracteristics

Tie variation of crosa-wind Jorce witn sideslip

was alwave in the correct dlprectlor as chiawn by the angle ol
bank requlred to 1nld tre airplane in o steady stdeslip
(Slpa. 3L throuslh 729, Tite gide force gradient of the

T1-51 was silohtly smaller than that o any pursult-Urne
girnlune tezted nreviously.

I1I-¥. Pltehing movient due to sideslip

. YT e -
i3 shown by
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Trhe plteh

the varietion of elevator angle with sideslip angle in the

steadv sideslin tests (fios. %21 through 20). I &1l eon-
Aitions of flicht, the nitching cheracteristics In sideslios

vere desirahl- snmall and in substontial comnllonce wlith the
requiresents of reference . Tm all conditlions of rlight
except Llhe ~mliding condition, less than 1° hene In elevator
anele was reguired to maintsin longitudinul tria at 110U per-

iy

. . ) - ~ -0 o -
cent of the minimri: 3need when the rudder was anoved > rigint
or le®t fronm 1tz trin position, The actual deflectlions
required were of wmagnitude coupareble with those ncted on

¥ .
s

airnlanes o siallar tvpe.
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I7-7. Tower of radder and alleron triaming devices

Lo Do rodder teim tadh was snf icieatly nnwerinl

o raduce the trim forces Lo ozers st any alrovesd rom
12C nercent o7 the minirnun sneedl Lo the maxinun aneed In

tsing condition, thorehv nutisfiing the rogquire-

tie cru & 5
cients ol relerenco 2., While tns power o the tah was

not Investigated specitficuily, i annesred sdequite bo

itiona,
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The alleron and ruader rorecs required “or trim ior
all concditions of flight sny be Jound in the stubilc

stability enrves (igs, 10 throush 13, inclusive); the

pilersn trin ted vas neutrs) Tor each condltion wiile

thie setting of the rudder L7 tal 1s nnbted.

Lo

L0 stalling charscteristice P tie alrrplane were deter-
mined in the pliding, crulsing, Jardias, clinb, wuve-of?, and
take-o70 conditions »f 2lisht, o seneral, these conditions
were “uvoanissted wlith the “0liowinc urrancerientgs

1. Winj; ead r'uselage Jun rorts covered with doned

Ts. 2 oend 0),

. Two Z0-milliueter- -urn mock-une instulled in

A

cach wing, and fusclage pun rorts covered with doped

fabric, Two Loves oi ring were tested on the



20-millinetor guas (fiss., Ll(a) and L1(wn)). (3ince no.

diTference in stalling characteristics could be deler-

15
)
e

OWinS iscussion

<

-

mined between the two [falirinss, the ol
will be consideraed as applying to either.)
z, %ing and fuselage gun ports open.

2.
The tests were made by tualking continuous instrument
records «s the alrspeed was decreased while the wings were
held laterally level, Observations were male of tults
factened to the uprer snurface of hoth wings. At the
sirn ol the gLall, the controls were, In some cases, Ulied;
in other cascs the clevator control wis pullad fariher back
while either the rudcder or atleron control wus used ilnde-
pendently in «n attenpt to maintain a_levnl actitude,
2tulling speed was taken as the snced at whizho pronounced

lateral ‘nstabilltr was encountered.

Time Listories of several typlcal stalls are presented
in figures L2 through 55, &nd are discusscd in the Tollowing

[

paragrantis, Stalls were meéle with the center of mravity ir
bot forverd and aft positions, bat, slice no difference couald
be deteched in the otalling characteristics, thls jactor lg
not included In the discugsini.

Values »0 maxiruam 1ift coefficlenis, bascd on duta
obtalned in the stall teasts, are rrescnted in
table. These values were Zelercineq row terts In the

various conditions whereln the approschy Lo the stall was



very gradual and are not In general cuonslstent with the
minimun; snecdé shown ‘n tne time histories ~f stualls nresented
in fisures L2 through 55. sor the stalls ghown In these time
Listories, there ure several cascs where the upproach to the

stall 1Is too abfupt to rermit use of the data ia culculuating
aximam 11t coelfficients Jor steady fiight,

“light cend'tl

on Wing condl

Haximun
chrefricient

Gliding
Gliding
Crulsing
Cruising
Lanci

C.J ©c8n
2=mill] mobfr
ciey
llﬂrct 5
¢cleun

o

O-mi

Landinz 20-riillineter Cuns G
Taize-ofl Pun out o ravder belnre mininum specd
Wave-of? {~ was rcacheld

Glidinzg ceondltlon, - all stalls In the 3liding condition
of fligkt were chavacterized by a bregidown oF Lhe alr flow
alongs the trailinT edge of the winT, cxtending over the mlddle
hslf of each serispun. As the onced wag furtler decreused,
the air-7Tlow wrealdown snread cpranvise and forwveard, the
extent of tne breaudown beling se EROEAY aftz’"ﬂﬂj' the ripnt
than over the left wing.

In the clean-wing condition, the scall was first cvideoneod
as a mild right ro11 which was c¢us'lv corrected and ardly of
sufficient magnitude to serve ac a stall warning, Ir,
lgnoring this warning, the stick wasz moved & Llittle rfarther

-

A

ba

I
(-

while hol

dingy the other

Tollowed Ly

controls

IDNGANGANG AN}

Sl T
Dixed (Pig, Ld), a mil
rar~id right roil wihich



Control could be mointained succensflly by weans of
e allerons aloue (fig. h3) until the sticl had been rulled

vaclk annroximately 2 inchies from the position atv the stall.
bothat tinme gn oileron reversal intended to check 2 roll
resulted onlvy in an increase in rolling acceleration,

Use ol the rudder alone to maintain control (fiz. L)
iniled to prevent the alrnlaune from rolling to the right,
slthonh 1t aid lield che rate of roll to a small valuc,

Lith the sticl somewhal over 2 inches aft of the stall nosi-

o

tion and the salirplene at an angle ol bank to the risght of

e

shout £0° (accordinz to the pilot's observation) the alrplane
snddenl s snapned over ‘nto & spin to the lert. Hecovery

wea Immedlately effected by relieving the elevator and

reversing the radder and ailerons,

Vith the 20-millineter-gun nock-ups ianstalled, the
inltlal warning: roll, wilch occurred at about the sane specd
as tiat for the clean wing, was sgain to the rishit and was
accompanied by o mild tug on the sticit to the right. The
svnecceedins lelft roll was considerably slower than the corre-
snpondins rigzht roll for the clean wing cven though the
clevator control wus moved farther back (Pig. L5).

sttennts to control tlie motlions in the stall by use of

the ailerons and rudder independentls gawve results similar

to bthone Hr the clean wing. Arparently because of the

Al lculty In coordinating sidesliv and bank emnperlionced in



3

trie particular run, oscillationn of falrly lurze asmniitulc

were noted whben the rudder was ured alone, L3 shown Iin
Prlera o, rowever, 1t owas possible bt otlhie use i hobh

ailerons and rudder to eontrel the alrplane for some time

with the sticiz full hacly, b oshoold be anted tn tiils connec-

™

tion that the ennditlorn ol elevabtor M1l hack 1wy not alwavs

be the oot critiecal from o control standnoint,

with other ulrplares irdlcabte tunl in opome cases control nmuy

be ynite Aifricult just berond tle atall,

s owoved ™ll back o fully stalled conditis

ls mnre stable laterally and lence easier
Prozure 17 shows o typleal stall ln the sliding econdition
will the an rorta onern,
oall cuases recovery from tle 3tull conld ue eficcted

+ IRol S R -y - LR 1 3 -~ ey oy - - - v
rromrtly by moving the elevator control forvard,

Cruising condition. - The “irst evidence of rlow breal:-

N

down in the crulsing conditlion witi the cleun wing was noted
at the root of the laft wing. L0 the soeed was [urthor

reduced, the alr-rlow bhreualdowa spread snanwise alons the

+ 2 ey e A o -~ Y yararas g . ey o
traliing. enze of hoth T Uorward near tie wing
T an e

The dmiinence of the stall wos indicnted by oa licht
2ileron snatehing and o miid rall to the right. A sll;nt

FI ’ JE S £ NN _ P R - . ey W - -
urther movenent of the sticly Lacls caased o Jaster roll o

whiich wae clieched vhen the sticlt was
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Ao ssen 1n Cigure L9, control pevend tle stall-wes

cifectivelr rainbained for core time by the wse ol allerons,

T~

. . .
LI VECES]

atded somovwtat Ly inadvertent usc of the rudder.
~C lar in the anplication of rudder, & conalderatle vnprle of
“i.

I
4 A

nl was achleved before the rudder, sprnlisa aloae, reversecd

Uitk fi.e 20-millimeter-sun mock-ups iustallea the Inlbial
left-7ing oot stell wos abrent, Lut the jeneral projress ol
the air-Tlow brealkdown over bthe wing wae ginilar to that of
the clecen wing. £1lso, in sddibilon to the wileron snutelilng,
a mild vuffeting of the tall vas noted rel»ore uncontrollied

motlons ensnaed, Tr.e nitia) moiions iu tne stall werd a

m°1a lateral nscillation wivlel rave war Lo & vig
only a“hter tle clcvatnr contrnl hat Lesen oalled ab cut 2

inelss farther oxc” (ticve 517 4 thats sotnt B rudder
alome woo inefTective in preventing a onin Lresk although it

Jid reverse the dlrection ol the breax ({iz. 52).

v
Jitl the pun neorts open, the stalling characteristics

were apnrox.matelr the sare as those for the condition wwith

20-mlllimeter guns. Jarnin: in the Torwm of tall btutleling
erxlisted snd the eusulng motiong were very mild,
Recoverr from the stall or [rom Inciplent gnins coald

alwavrs he erTected by normal rse o7 the controls.

Landin~ condition, - In the landing coailtlon with the

clean wing the air-I'low breakoown sproud shruntly over nearly

< <



-~ T .
211 the riclt wing and the tip of tno left wing. o warning
was nuted Lefore the alrplane ro’led Lo the ri i, slowly !

oy but 2t an inerecaging rate 2s hlhe stlel was mnved hucl,

Tt the 1nteral coatiols Mixned, the roll develored

o 4.1

curn {0l either rudder nry alleron

coentrol 1t waa possible o checl: caorrect the snirnlenre

novemsnt, bhub gnuck control was votsible only for o a linmited
Lineg, after whichh the alrplane tenued o roll violently,

With 20-millimeteor-gun rocii-umas tnotalleg, she flow

1 N kN y b Ty . —~ P N o Y L PR oy
breakdovrm startel at the alleroas »n hobl alcdes ol aonout 5

D
w
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%
-
b
~
-

miles rer hour ahove the

1 .

vings near Ui

forward over botl

There wvae nd varalne o the ntall, tuat the alryulaae with

controle fixed rolied nlowly ri;

nto & snirel »I varyin)
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Eiibtasse o» necirlatory charactar Ce
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rudder, conktrol was mainta‘ned successfully and the lateral
mottong were held to small emplitudes withh the stick [mll
hack,

Uitk the zun norts opelr, the r'low breakdown was confined
o the inboard half »7 the right wing and was characterized
by no werning anc a very aild and easily controllable roll-cff,

Wave-of1 cond - In the wave-of condition a very

e s A gt

mild lateral ozcillation berman just Lefore the rudder and

A

silernn deflectlons reguired for trim reached thelr linits
of Ltravel. Devending on how well the ra»nicdly changing trim
reguirements were followed by cor*vol moviments, the alirplune
would then elther coantinue to o-ncillate mildly In a turn
arsinst the econtrols (fig. 55) or roll ~07 rapidly to the
left., roxtnun rucder deflection was reached at ajirsneeds
chave the stalling speed,

Similar characherichics were sotained In stalls with the
20-millimeter-2un mocli-vpns and with the gun ports open.

The llchtening of rudder-contrsl forecs as the stall

-

o craracheriotic Testure ol the stolls in this

H
d
o
-
o~
ta
H
D
oL
}—h
471

Tale~-nl'f ndition, - The characteristics in the take-

r"

1on were verwv gimilar to those in the wave-off
condition.

Stalls in turns. - The stalling charactericstics of the

U

airplane were fuvestigated 1n 180Y turns in the crulsling



conditions of flicht, and typical time histories of these

turns to the n Figures 1L, 16, wnd 20. o

marlted Al leronces {1 characteristios betweer right and lei't
turns coald be detected.
Yo ostall warning other

toan that given by the stlicl

Jorce and poslition sradiente Ianlcated ian figure 21 was noted.,

In the stall, however, consideprobls ftall hufTeling Hcourred,
g4g siown by thie Instrument recnzds,

Wren the stall occursred the alrnlane Invarisbly tended
Lo niteh down and roll. The direction of the Initic
1 thie stall was inconnistent aud the rate ol roll varied
conditiong that e, with the clean wing (gun
ports covered) and In rizat turns »1ith the cou=millimebter-gun
moci-nra, the roll-o?v) was Into the furn and mach faster than
1t wan with the cun porte oncen and In left hurns vwith Lhe

20=-miilineter~-un mocl-uns,

eneral, the motloans of the alinlane when stalled

i
<

I
o
i

under accelersted conditiong are cona dered to mels Bhe oipe-

plane wisatisfachor» s a sun HlatfHro 1o this resion of

lishwt, but, neverthaeless, the siull Uy churcctoristlics com-

rare favorably with those ol other odern Tighters,
CoH
L& resull of flight Lests, the following conclusions
may ho stated ropardinge the iy qaallbies o0 the Torts

American XP-51 ulrnlune;



1. The short-period longltudinal oscillatlon disap-
Loared within one cycle in oll eonditiona tested.
2. The asir-lane hed positive lomgltudinal stability

Porwsrl of the MHllowing ecenter-of-gravicy nogitinns ror the
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SCticl fixed, stlicy free,
Mlicht condition rercent N, A, 0, nercent .a.C

Cruising : 70,0
Gl Hled
>
J

Landing el
Climbin 20t

AN

Ao Actermined Cfrom stendy turning fliiht, tho
Inngitadinel-astability characheristics 1l mancuvers wWere as
follows for the crmising econdltion of
Sticl wotilon regqulired Lo
stell Trom D7 = UL,

inctes travel of £
ton of stlck ir

Cenber-nt

. )
RER IS I

nercant

25.5 , a0
2,0 1.2

). The elevator control wos adeguait foar take-of D and

-

Tapdines Wity the center of gravity as far |
sercent o7 the nean aseradynamlc chord,

Laes e - Tt n’] o
dus o o nower Lna DLED

1t

A

iann b nounds

veriations were deslirably small, bel

4

Car 21l conditions tested.

6. The elevator btrim tabh was saliriclently roveriul to

rpis the alrnlane as deslred In the ariaas f1iclt eondltlons.



7. The control-free
within one cycle for
tenidencles for the rurdder or

Hare o.Lsaepved,

2, foecause of Get
control did not nmeet tile ceflec

9] )

un to C.Z o!
Wel S
requirerents
atove 0.8 »7 the
that the

control

the dlvinr-speed rarnge,

[

9. Por th
atleron vaw vas

10, The dinedral efrect

speed aldeslirns to the

187 vo
C«. g

was nob >

. . -y nr W sare, c
1)1, The rudder rnower was

yaw cue to the ullerons and to

during take-ofTs and landiings.

were lesua than the roecommender:

The variations of rudder fores

in dives to high sneed were 1

maximun forces, however, were

conaitions tested,

lateralosetlic

~1lleron controls ton oscl

varticulsrly unsat asfactor:

avallable alleron del

left with

coouils to be distw

leon

—
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Cierns degmned to one-nalfl
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control at speeds
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everywhere within the srecilied 1tmit of 207,
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The rualder nrces regulred

~
R CNN R A Y .
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12. The directinnal stebility characterlstice were

satisfactory. o tendency {or rudder force reversal existed

in

1z Tle pitching rmoment due to sidesllp was desiraizly

1. e power of the rucdder and. aileron trim tabs was

adeguate,

chiaructer-

15. Requirements Dor satlsfuctory cte

stics were et in all resmects excent Tor stall TEPTIING .

e

T &1l eonditlons, labteral instabllity oceurred =g the rirst

indication o stalling. In the gteady {lignt condlitlions,

the inastebility was in the Torm of & alld roll. in the
accelerated condibtlon, the instabllity wos In the form of a

lateral nsclillabion co-bined with nitchling and, although

em~1ich control was avallable for mreventing a complete roll

4

off and change in directl 1t is thought such motions would

O
o

malte 4he cirnloene unsatislactory as a gun platfcrm in tihils

re;ion of fllght, Tn spite of ithiese characteristics, it 1s
concidrred tra*t the stallline chapseterintics rompnls covorst

Wit} trose of other contemporary Ifohits
: ! e of oftaer conLemporaly o PORPR

P . 2 M ) 1 r ~ 4+ -
Toansley erortal meronavtical Dovorstory,
. A . § e
atiorsl hAviaory Cormribftec TOI acPOonan.tlOs,
- A . :
Taroiew 11eld, Va., april 17,
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Figure 4 - Three-view Drawing of North fmerxican XP-51
Airplane
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L-566

Figure 40.- Photograph of gun ports on leading
edge of right wing of XP-51 airplane covered
with doped fabric (clean wing).
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Figure 41(a).- Two 20-millimeter gun mock-ups
installed on leading edge of right wing of
XP-51 airplane,

Figure 41(b).- Two modified 20-millimeter gun
mockups installed on leading edge of right
wing of XP-51 airplane.
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